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# 2 0* b H04 3 2 1 3 



imm^r-^] ' DCMH120420 
[SlffiH] Wcl3^ 2 J? 20 0 

[BII^#i*3iS] H03M 

was m± 

[ft*] . H 
[3RJ3!f#^3 392026693 

[MJ##] 100066153 
100100642 

i^m&mmm 002897 

21.000R 
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#20 r 0 1 J 0 4 3 2 1 3 



Nfi©tt#»J:y©^^^i/>7j<^g!^ffl*b n (k) (n=l, 

n) (k&iitffcTOM) &yy9-j-(D$:mm^r m (m=i, m) a, 

[b n (k) ] frb&wfemmiyytfjvb' n (k) 
$$<£^i«#ic*f-r£^#£ he • b' (k) fcttnu 



H = 



H(0) • H(Q-i) o 

o H(0) ••• H(Q-i) 



H(q) = 



h ll(q) — h, N (q) 



B ' (k) = [b ' (k + Q- 1) ••• Tz> ' (k) - t> ' (k-Q+1) 



] 



) ] 



t> ' (k+q) = [b , 1 (k+q)b' 2 (k+q)-b' N (k+q 



q=Q-l Q + 1 q 0 7f 

*> ' (k) = [b' j (k) -0-b' N (k) ] T q = Ot* 
( t> ' (k) 0>gfR<B1fnW:n#B) , Q ^;i/^/\ 0 *<Z>i!U q 



ffillff 2002-3006672 



# 2 0"0 1 0 4 3 2 1 3 

= 1, Gh T iZ1fcm4mx*2b2>. 
r©«F#|Hm*H • B ' (k) £g#/<* h;b y (k) ^^ML5f^^ 
h;i/ y ' (k) 

y (k) = [r T (k + Q-1) r- T ( k + Q - 2 ) - r* T ( 

k) ] 

r (k) = [rj_ (k) r 2 (k) - r M (k) ] T 
IWh^y 1 (k) *JVUtt tZm^T. ft/j«2ilil 

MWb^y' (k) tea>m&=f-mi&&&Bi&'*&n&B<D&mWU:V 
©£tefe^Jc*r*SSU&:7-r;i/# w n (k) 

Ml/ y ' (k) 5:±fBjS^^-<;i/^ w n (k) Jcj: *J 7>f 

[»#£5] (earn) 
tern i,m^mmzm\ m-^mm^icM u £^ -v * ;v u fc#L 

2 ffiH#2 0 0 2 - 3 0 0 6 6 7 2 



# 2 0" 0 i — 043213 

[0 0 0 1 ] 
[0 0 0 2] 

ISi:L/T#A^#ffiiJ (Multi-Input Multi-Output : M I MO) i/7.*rk>i$%>%> 

isMiMogffft^t l, m i Mo^mmt^mm^^mmL. &mmm s 

l~SN(Z)^#i/>3K;i/§:*i^LTffl*fig^-0 u t l~Out NICJ8U* ICffi^-r 
[0 0 0 3] 

j: v \m i m o ^tmum & *gig-r * % © -e& s # * t <D$&m <n ft t. & & 

[0 0 0 4] 

0>*£fi8L 7 KizR-T. MiiotiiM^ij 
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#2 0*01^0432 13 



r*-f >*v--7 m^mz.) ztit^ »i sx^mmmmm^^mL. 
v y 7)v n. - if m * - tf%m%$mm 

>>>^;i/rL-if(D^IH6t?N= 1 IC&£U, ^f7>rtfm (m= 1 , 
2, M) lCfctt3ffi;frt£, 



q=0 



3-1 



(q) ' b (k- q) + v m (k) 



(1) 



^■*-# 1 -SM^^omiJ^:^: (2) ffl^^h;i/fclt^U ^ (3) 

r* (k) = [ ri (k) r 2 (k) -r M (k) ] T (2) 



q=Q Q_1 Irl (q) • t> (k- q) + V (k) (3) 



v (k) = [ V;l (k) v 2 (k) - v M (k) ] 
M (q) = [h x (q) -h M (q) ] T 



(4) 
(5) 



x$>z> 0 £fc [ ] 1 tt«g^'J^^t3"r 0 #cfcv;i/^A°* offcQ 

[0 0 0 5] 



y (k) = [ r* 1 ( k + Q - 1 ) r T 



= Irl ' t> (k) + n (k) 

Z\Z\X\ 

[0 0 0 6] 

m2] 



(k + Q- 2) 



r> T (k) ] T 

(6) 
(7) 



H = 



H(0) --H(Q-i) o 



0 



H(o) ... H(Q-i) 



(8) 
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# 2 0" 0 1^0 4 3 2 1 3 

[0 0 0 7] 

t> (k-q) = [b (k + Q-1) b (k + Q-2) - b (k-Q+1) ] T 

(9) 

n(k) = [v T (k + Q-1) v T (k + Q-2) -v T (k)'] T 

(10) 

±T*%.mVfc r- ,(k) #^Hfc#§2 UCA;ft£*U i0MIMOW2 Hi 
»ft^t*oT, 7^HffiAtLT#fffttf7h {b (i) } tf+lT* 
&£fft^h- 1 T°$>Z>mm<Dft$t±&ikA 1 (L L R : Log-Likelihood 
Ratio) ##052*l£ o 
[0 0 0 8] 

11 S Pr[b(k) = -I|y(k)] 1 

= Xj[b(k)] + XP[b(k)] (12) 
[0 0 0 9] 

t-&s 0 utij [b (k) ] ti*tt©«t#»2 3jc«e>*i«^asflr#, a 2 

P [b (k) ] tt4^fb»2 1 C^*&ft***MlMrC»*. fStlitAj [b 

(k) ] itmmmmx 2 p cb (k) ] 2 2-r«ntan, jgtc^-r >^ 

[0 0 10] 
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# 2 0*0 1-^-043213 



A 2 [b ( i)] = log W(i)^ + i|x i [b(i)y-o t .-,B-i 

sa 2 [b(i)] + ?iP[b(i)] (14) 



[0011] 

ZMft-t&o rrT'^ 2 [b (i) ] «|&^b©i^c^>fb3§2 i \zx 2 p [b 

(k) ] ^LT^^^tis^i5'{f#t?&u, x x [b (k) ] tfm.^m2 4\zm 
mmmx l p [b (i)i iibm^w, a 2 [b m ] tt«jM»2 st? 

[b (i) ] ##3*S*i, >f>#y-A2 6^Lt^2 1 &af«»» 

*(Z)H£lCo^TiZ&^So *Hfc#2 16D*«rflf*^ 2 p [b (k) ] &JB^T*K 
t> ' (k) =tan h U 2 P [b (k) ] /2] (15) 

ZMitt-tz. fit, z:©Ji$eMi:^*;Mii M &Mv^t^#^ m • t> 

' (k) Sfl|'«^e>5l*l|C^*. o*U 

y ' (k) = y (k) - M • t> ' (k) (16) 
= H • ( t> (k) - t> ' (k) ) + n (k) (17) 

lit, 

t> '. (k) = [b' (k + Q-1) -0-b' (k-Q+1) ] T (18) 
Srtf^-TS. &lC^gU&#tf)^*J S?gt^7-f w (k) £J^T<DMMS 
E (««2iif) l^T'^ft^. 
[0 0 12] 

w (k) =arg min || w H (k) • y' (k) -b (k) || 2 (19) 
H tt£«««&3s;foU II IUi/;i/A5:3gt)t 0 
S (19) &C «fc yjR/jNfcs&fi w (k) 

6 tf}|E#2 0 0 2 - 3 0 0 6 6 7 2 



# 2 0"0 1 J 0 4 3 2 1 3 



J^T©w (k) (DMHUZJCWi : Daryl Reynolds and Xiaodong Wang, "Low 
Complexity Turbo-Equalization for Diversity Channels" (http:/ee.tamu.ed 
u/reynolds/ ) IClBftStlT ^S. Z <D&&<D £LTtfm*<D*m 
Bff«#*S. «*0ML S E§?^-^©ff#*2 Q_1 ©rt--4f|Cjfc«UTVMfc© 
lC*fU £©#&teQ 3 CD:*-^T?}ip;S_«b*lTV^ 0 ^J3w H (k) • y' 

(k) lifft«2 10ffi^ftot, dtl^^ [b (k) ] tftf-HtStlT-T 8 
>f U - A 2 3 fe^imf2 4AMatl, tt#«J|C«<ff*3*l«. 
[0 0 13] 
[3gt8#8?& b * 3 £ t5 

• >>>^;i/n-if (-£<Z>i£fM) 

l Jli:Mi (MI MO) >>X^-AffliCfc£§gU ^ &gte&c&«j£ 
h bT#ALfc#AiJ#ffi* (MIMO) S^«SSa§«*r<5i4:tCS)S. 
[0 0 14] 

Iffi^itiNi (Nte2£Ui(DSE») <Bj&ff«fr&0>te#&M« (Mte2^_t 

^#fl:£/>jK;i/«^m*b n (k) ( n = 1 , N) (ktt«t»»«flal) 
il, ^yy^±(D^mm^T m (m=l, M) ^£>^B#-if tfOBEfcm 

t&;fc£Jt&5l»U *CD3l#te Jl 2 [b n (k) ] &«ffff)£2Hi2/ b ' 

n (k) ^^^^fflh^h^W^M^V^b' n (k) fcm^T, 

n ## b © £ »; a # s <ef# iam§* * n ## B ®^*JK^ 
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# 2 0*0 H0 4 3 2 1 3 



[001 5 ] 

[iR 5 ] 



H = 



H(0) • H(Q-i) o 



o 



H(0) 



H(Q-1) 



H(q) = 



h ll(q) — hi N (q) 



h Mi(q) ••• h MN(q) 



[0 0 16] 

B ' ( k) = [ t> ' (k + Q- 1) ••• b ' (k) ••• t> ' (k-Q + 



1) ] 



t> ' (k+q) = [b' j (k + q) b' 2 ( k + q ) - b ' N (k+q 



) ] 



q=Q-l -Q+l q^=0"e 

t> ' (k) = [b' x (k) -o-b' N (k) ] T q = o-e 

( t> ' (k) <D^m<DVU\Zn&m , Qli^<|«JS(iDT^f;U0», q 
= 1, Q, T «^g^JT^^>c 
[0017] 

Z<DW#IBl=?»H ■ B ' (k) £^fH^ h;i/ y (k) ^e>Mb§I^M 
h;v y ' (k) 

:3ty (k) = [ r* T (k + Q-1) r T ( k + Q — 2 ) ••• ir T ( 



k) ] 

r (k) = [ ri (k) r 2 (k) - r jj (k) ] T 
^^fc^iTS^:^ w n (k) £3fc#), K/b y ' (k) 
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#2 0" 01— 043213 



[0 0 18] 

mmwizis^x&Nffi&mmms i-s nicest 

mm&wc 1 (D -c N (i) m-rnf^ii-i, -, ii-n-c 

^#ft£*l, ^"b^ffiijtt-f U-A'l 2- 1, 12-NS:}iC-« 

»»i3-i, i 3 --Nizmmm^tLxm^^n. z.nibm.mmmz&v 

^Mff^^li$tlT^#b 1 (k) , b N (k) £L,xmmZftZ 0 

zmcx&Ati^ftjj (MiMo) ^mmz^mtsnf^mm 

# to (k) JiMIMOM^^>fb^3 1 iZAtf^tl. Z(D^m3 lfrioNm 

<DMm±mttA 1 [b 1 (k) : , A A [b N (k) ] ^m^r^tiSo a 1 
[bj (k) ] , a 1 [b N (k) ] itzti'etimwmmx-L [b 1 u) 

1 , x 1 [b N (k) ] ^1^22-1, 2 2-Nx*n?nmnz 

ft, f>f>*U-/<2 3-l, 2 3 -N$:ilDT^AiJ*>cm^m#^ 
*^«-^») 2 4 - 1, 2 4-NJCTfc#Sft, Ht-^flffl^c' j (i) 

, c' N (i) 3^ffl*s*i*4:*K:»a*ftJtA 2 [bj (i) ] , A 

2 Cb N (i) ] 2^*1^*1 ffi;fr 3*1-5 a A 2 [bj (i) ] , A 2 [b N 
(i) ] &MIT#£2 5 - 1, -, 2 5 -NIC J: »J A j_ [bj (i) ] , A. 1 

[b N (i) ] sic. ^>^u-/126-i, 2 6- 

N^^-tl^tljiLJT X 2 [b 1 (k) ] , Z 2 [b N (k) ] tlTMIM 
OMI^fft#3 lJk&mn%$2 2 - 1, 2 2 -NtC*ft-£ft#l&Sft«5. 
[0 0 19] 

v;i/^n-^f fr*><D&mm*r m (k) ti, 

r m (k) =S q=0 Q_1 S n=1 N h mn (q) • b n (k-q) +v m (k 
) (2 0) 

MX^? hfr y (k) Zfem-tZti, 
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y (k) = [ r T (k + Q-1) r T (k + Q-2) 



] 



= HE • B (k) + n (k) 

[0 0 2 0] 
[«6J 



H = 



H(0) • -H(Q-i) o 
o H(0) ••• H(Q-i) 



(23) 



r 1 (k) 
(2 1) 
(2 2) 



[0 0 2 1] 
C»7-] 



H(q) = 



hu(q) — h|N(q) 

• ■ • 

h Mi(q) ••• hMN(q) 



(24) 



[0 0 2 2] 

> (k) = [ t> (k + Q- 1 ) - t> (k) •• Tz> (k-Q+1)] 



(2 5) 

t> (k+q) = [bj (k+q)b 2 (k+q) -b N (k + q)] T 
q = Q - 1 , Q-2, — , -Q+l (2 6) 

e>(Cy (k) ^e»5I^KCLT^S. 
[0 0 2 3] 



1 0 



ffili#2 002-3006672 



#2 O'O 1 J 04 3 2 1 3 



y' (k) = y (k)-H-B' (k) (27) 
= THL • ( B (k) - B ' (k) ) + xx (k) (28) 

B ' (k) = [ t> ' (k + Q- 1 ) - t> ' (k) - t> ' (k-Q + 
1) ] T (2 9) 

fit, 

t> ' (k-q) = [b' x (k + q) b' 2 (k+q) -b' N (k + q 
)] T q = Q-l, -Q+l, q*0 (30) 

t> ' (k) = [b' j (k) ..-O-b' N (k) ] T q = 0 (31) 
"b ' (k) <Dmm*(D0i$nmBT*%>Z> a 
b' n (k) l±5£ (1 5) tmmzb' „ (k) =tan h IX 2 [b„ (k) ] 
/ 2 ] & fff» U T # is?) fc^JRUt Sl« > tfVl/^M T* & S o 
[0 0 2 4] 

B<©rL-iffl§'©7-< /I/* w n (k) £J^T<£>:£ (3 2) WJlt^w (k 
) &MMSE (f/h^2MI) 

w n (k) =arg min || w n H (k) • y ' (k) - b„ (k) || 2 

(3 2) 

pj,r(Dmmti/y^ji=L-^(Dm^iim-x^^ 0 o w n (k) 

lifflV^w/ (k) • y' (k) lff»U f©IfI^^f>f>^'J- 
;t23-n^bt^ [b n (i) ] tit, «-Jf*2 4-nJCA*LT«# 

[0 0 2 5] 

o -e©IS*#ffc»3 l©ffi*«ttNfc*y, #*<Dtt##2 4- 1, 2 4 - 

imo) m^nmmv&Zo 
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#2 0" 01-^043213 

r m Ck) =^ q=0 Q_1 S n=1 N h mn (q) • b „ (k-q) +v m (k 

) (33) 

ft©h mn (q) (Dmt.;^ xv a (k) <D*mm±i (= a 2 ) switt* 

^tlTRLS (H flll»*/Jv2 fc££Bv>T^-V*/Ht&«fcLTV* 
< 0 #f^^*#»2 4-l, 2 4-N*P), ^©^±MitA 2 [b 1 

(i) ] , a 2 [b N (i) ] ©-e-ti-erwcov^-c, iET*n«+ i 

i) , b N " (i) £UTffi:frU itl&bj " (i) , b N * (i) 
>r>*y-A2 7-l f 2 7 -NZmVXm i )7&l,?'V'*;i'Mfe%§2 8KA 
ij^tl^o ^-r*;i/if^#§2 8 ICttSM-S- r (k) ««A*S*l*i:*JC3.- 
-^y- Kffi«SP 2 9 7t)^n--^'7- Kj^AASn*. ^ *;i/*£5£#£ 2 8 li 

itie>A*3*lfcf3#tCSt5g, 5£ (3 3) ©#h mn (q) £ a 2 /Jn 
[0 0 2 6] 

Mbit^L/TVNze) £v\e> %<£>t*&£o y 1 taste as v*ti* 
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n (i) ] &MVATrti^iE^&+ 1, Mteb- 1 £-tZ>Z.£lZ£^Xfifr>tiZ> 

o ^©^^©»±^i:bA 2 [b n (i) ] (Dmttmtf*£)<mE*<Dmmfem 
;v ftjt £ fT e> & m m t z> . 

[0 0 2 7] 

b' „ (i) =tan h [A 2 [b n (i) ] /2] 

*©*lffl£iab' n (i) ©j|ft^ffl^-e©U3SV^«J:y%^Sv%%©K:#L/T* 
(DmWfeUb' n (i) ^#LT^^ rn£i^U^b5^*;i/*££fCM^£ 

. 9 j^jt(D%)(D©*.^^j$4x-g> 0 l^va^b^o. 9 £.-m^tctbmm-&frtz.mm 
Mb' n (i) ©fl$^^b$^v>^%x.p ) ti^^^, z.n<b*mmLTfi e> 
Wi vML^v*jvmfe comm. i*±tfz>£^*-t>tiz>-tf. mm-ztiztsy 

£ 1 £Ig>£L£^§-£, Jg^nSig^jMb' n (i) tete^tctbmVMls?-*? 

i~o. enmizmfeLxft?,, 

[0 0 2 8] 

! * (i) , b N - (i) *<DLg^miz£vmfrbL^tfmzftt=.is>tf 
jimz^y* u-A2 7 - i, 2 7 -N^ffi^^fSimsifs^^m^ 
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) , >7 V - FZH^TT-V *)lWife*:fi\\ 35JC«#S/>7j?^/^JtC 

»OT, «fIH^>aJ?^K«»3 2*»e>, *ft3a«*»JK^/*JH)ef|[ifetf b x (i 
) , b N (i) rptoftfrbL^tWfeZStlfci/ytffrmZWt&mLX 1 ?** 

*;H££&fTV\ f<0h m (q) , a 2 &Jg^T\ gfgf§# r> (k) iZM^Z 

U-A2 7 - 1, 2 7-N£iIbT^*;i/f£5tf§2 8^\A7^f Z>£?lZL 
T & <fc v^„ 

[0 0 2 9] 

> tfj\,mm<Dttmwfii± l , * - ^rt: ic as w s ^ -v * ;v#tj£^tc j: « 

Mt'^ (3 2) 

w n ( k) = ( HE G (k) H H + a 2 I)" 1 - tx (34) 

G (k) =E [ ( B (k) - B ' (k) ) • ( B (k) - 33 ' (k) ) H ] 

= diag [ID (k+Q- 1), ZD (k), ID(k-Q+l)] 

(3 5) 



1 4 



miE#2 002-3006672 



#2 0* 01 — 043213 



[0 0 3 0] 



ID (k+q) =diag [ 1 - b ' 2 1 (k+q) , 1 -b' 2 n (k + b 
) , 1-b' 2 N (k+q) ] (36) 

q = Q - 1 , Q-2, — , -Q+l, q 0 
q = 0£>B$te 

ID (k) =diag [1-b' \ (k) , 1, 1-b' 2 N (k) ] 

(37) 

b)l*P(D 1 ttn#S©%© (n#S(^rL-if ZffiM&m^il LT^5) V 

[0 0 3 1 ] 
[ft8] 



h = 



"Hi, (Q-l)-N + n 
H 2 > (Q-l)-N + n 

H M .Q.(Q-l)'N+n 



(38) 



[0 0 3 2] 

oJ»J h liS: (23) ©Hffl (Q-l) • N + n9t}E<D±mm&b%iZ>o 
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